, Lafollette and Shanks (1998) , and (Greek and Hansen, 2013a, p. 245) . In Chapter 17 in this volume, Greek and Kramer (2019) (Greek, 2014; Greek and Han sen, 2013a,b; Greek and Menache, 2013; Greek and Rice, 2012; Jones and Greek, 2013 Nine categories of animal use in science and research 
1.
Non-human animals are used as predictive models of humans for research into such diseases as cancer and AID S.
2.
Non-human animals are used as predictive models of humans for testing drugs or other chemicals.
3.
Non-human animals are used as "spare parts", such as when a person receives an aortic valve from a pig.
4.
Non-human animals are used as bioreactors or factories, such as for the production of insulin or monoclonal antibodies or to maintain the supply of a virus.
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5.
Non-human animals and animal tissues are used to study basic physiologi cal principles.
.
Non-human animals are used in education to educate and train medical students and to teach basic principles of anatomy in high school biology classes.
7.
Non-human animals are used as a modality for ideas or as a heuristic device, which is a component of basic science research.
.
Non-human animals are used in research designed to benefit other ani mals of the same species or breed.
9.
Non-human animals are used in research in order to gain knowledge for knowledge sake.
objective. There are, in fact, many categories of animal use, as shown in (Greek, 2014; Greek and Greek, 2010; Greek and Hansen, 2013a; Greek, Pippus and Hansen, 2012b; Greek and Rice, 2012; Greek, Shanks and Rice, 2011b; (Arrowsmith, 2011a,b; Ennever, Noonan and Rosenkranz, 1987; Fletcher, 1978; Food and Drug Adminis tration, 2004; Johnson et al., 2001; Kola and Landis, 2004; Kummar et al., 2007; Lumley, 1990; Morgan et al., 2012; Seok et al., 2013; van Meer et al., 2012 Kramer and Greek (2018) (Markou et al., 2009, p. 74) . Additional examples include: Alini et al. (2008) ; Arrowsmith (2011a, b) ; Begley (2003a, b) ; Butler (2008) ; Contopoulos-Ioannidis, Ntzani and Ioannidis (2003) ; Crowley (2003) ; Dragunow (2008) ; Editorial (2010 Editorial ( , 2012 ; Ferdowsian and Beck (2011); Geerts (2009); Grant, Green and Mason (2003) ; Hackam and Redelmeier (2006) ; Hampton (2006) ; Hoerig and Pullman (2004) ; Holmes, Solari and Holgate (2011); Hurko and Ryan (2005) ; Ioannidis (2004) ; Jin and Wang (2003) ; Johnston (2006) ; Kaste (2005) ; Langley (2014) ; Ledford (2008 Ledford ( 1 2012 ; Leslie (2010); Lieb man (2005) ; Lindi, Voelkel and Kolar (2005) ; Mankoff et al. (2004) ; Marincola (2003) ; Markou et al. (2009) ; Mullane and Williams (2012) ; Pammolli, Magazzi ni and Riccaboni (2011); Philips (2004) ; Pound et al. (2004) Reynolds (2012) ; Rosenberg (2003) ; Rothwell (2006) ; Sena et al. (2007) ; Smith (1987) ; van der Worp et al. (2010) ; Xiong, Mahmood and Chopp (2013); and Zerhouni (2005 Editorial (2010, p. 499) (Ataman, Vatanoglu-Lutz, and Yildmm, 2013 (Langewiesche, 2003 ) . Similarly, the space shuttle Challenger disaster of 1986 was caused by engineers ignor ing a problem with the 0-rings. Descartes' unsubstantiated assertions con vinced society that non-human animals were not sentient, and some members of society are still clinging to that position. Smoking was defended by some physicians for years because they were employed by the tobacco industry (Jackler, 2015 Planck (1949, pp. 33-34) Arrowsmith (2011a, b); Crowley (2003) ; Greek (2012 Greek ( , 2016 ; Greek and Greek (2010) ; Hansen (2012, 2013a) ; Greek, Hansen and Menache (2011a) ; Greek and Menache (2013); Greek, Menache and Rice (2012b ) ; Greek and Rice (2012); Greek, Shanks and Rice (2011b ) ; Hurko and Ryan (2005) ; Jones and Greek (2013); Marincola (2003) ; Mullane and Williams (2012) ; Greek (2008, 2009); 
for an extensive discussion of the many ways various groups of human stake holders, including but not limited to patients, are directly harmed by the continued use of animal models. While the vested interests we described earlier have served as an obstacle to acceptance of the fact that animal models do not have predictive value for human responses, the truth has, nevertheless, been acknowledged in the sci entific literature, on occasion. For example, Markou, Chiamulera, Geyer, Trick lebank ( of Eli Lilly) and Steckler ( of Johnson and Johnson) state: "Despite great advances in basic neuroscience knowledge, the improved understanding of brain functioning has not yet led to the introduction of truly novel pharmaco logical approaches to the treatment of central nervous system (CNS) disorders. This situation has been partly attributed to the difficulty of predicting efficacy in patients based on results from preclinical studies [ mainly animal studies, although in vitro would also be included in preclinical studies] [ ... ] Few would dispute the need to move away from the concept of modeling CNS diseases in their entirety using animals"
